Contagious agalactia of small ruminants is a syndrome which principally affects the mammary glands, joints and eyes. can produce a similar clinical picture, particularly in goats. Contagious agalactia occurs on all five continents and is often enzootic. The evolution of the infection tends to be chronic in affected animals and herds. Symptomless shedding of mycoplasmas, mainly in the milk, may persist for a long time. These insidious infections, associated with carriage in the ears of healthy animals, are difficult to diagnose and to control. The main mode of transmission between flocks is related to the sale of carrier animals and contact during transhumance, whereas transmission within a flock occurs through contact, suckling and milking. This review discusses the clinical features, epidemiology, treatment, prevention and control of the disease.
Introduction
The principal mycoplasmoses of small ruminants are contagious agalactia and caprine contagious pleuro pneumonia. Contagious agalactia was the first of the mycoplasmoses of small ruminants for which clinical descriptions (notably by Metaxa in 1816) and microbiological findings suggested, in common with contagious bovine pleuropneumonia (CBPP), a mycoplasmal origin (Bridré and Donatien, 1923) . Contagious agalactia should be regarded as a syndrome, caused by various mycoplasmas which share a triple mammary, articular and ocular tropism, with the additional possibility of respiratory disease. Although Mycoplasma agalactiae (Ma) is often considered the 'classical' agent, Mycoplasma mycoides subsp. mycoides large colony type (MmmLC) and Mycoplasma capricolum subsp.
capricolum (Mcc) can produce similar clinical pictures. These three mycoplasmas are the principal causal agents of contagious agalactia. Under certain conditions, the secondary contagious agalactia agent, Mycoplasma putrefaciens (Mp), may be responsible for similar symptoms, and therefore cannot be excluded from this study.
This contagious syndrome, in which agalactia is not the only symptom, has successively received various names. Historically, the term 'classical' contagious agalactia was used to describe the Ma syndrome in Mediterranean countries. In this paper, 'contagious agalactia' covers infections caused by all four of the mycoplasmas mentioned above.
The current importance of contagious agalactia rests in its extensive geographical distribution, its often high prevalence in localised foci (enzootics), and in the extent of economic and even genetic losses. Contagious agalactia affects all types of stock breeding, both traditional and intensive, throughout the world and its preferential mammary involvement presents a major health obstacle in the development of sheep and goat production.
Clinical aspects

Mycoplasma agalactiae
Natural outbreaks affecting sheep and goats can take various forms.
Typical forms
The typical forms of the disease have been reviewed extensively (2, 7, 10, 14, 30, 31, 38, 47, 48, 55, 61, 79) .
Initial stage
This stage, particularly in the acute form (Table I) , is often characterised by a brief febrile syndrome, which may follow bacteraemia.
Clinical stage
The clinical stage consists of localisation of the infectious agent in the three main target organs. In lactating females, which show the most characteristic clinical signs, the udder is always affected and is usually the first sign to be observed. 
'Atypical' forms R, G G G Within these typical forms, it is relatively rare to observe respiratory disease in adults (particularly in sheep), even though infection of the lungs, which is frequent after bacteraemia, can be confirmed by the isolation of Ma from lung lesions at necropsy. In contrast, pneumonia is more common and more severe in young animals.
Evolution
The All the spontaneous symptoms described above can be repro duced experimentally, with some variability associated with the route of Ma inoculation and the type of animal (see 'Analytical epidemiology') (4, 8, 12, 19, 33, 39, 48, 49, 61, 79) .
'Atypical' forms
Pneumonia or pleuropneumonia, without any other major symptoms, has been observed in Australia, India and sporadically in various other countries, mainly in goats. Caprine granular vulvovaginitis occurs in India and Africa (34, 53, 68) .
Asymptomatic forms
In regard to each of the four mycoplasmas responsible for contagious agalactia, it is important to distinguish between regression in severity with time in a given animal, leading to the possible absence of clinical expression, and the existence of forms which are asymptomatic from the outset (unrelated to the vestibular carrier state).
Thus, strains of Ma were recovered recently from the milk of high-yielding flocks, in an area where no case of contagious agalactia had been reported within living memory. As no clinical signs were apparent in these intensively managed flocks, it can be assumed that the strains were avirulent. An initial study of the genomic, protein and antigenic properties of these strains has been conducted (11, 12, 13, 14, 34) .
Mycoplasma mycoides subsp. mycoides LC
This biotype affects mainly goats, but has also been isolated from clinically or subclinically affected sheep and, in exceptional cases, from cattle and wild goats (48, 53, 56) .
There are two clinical differences between natural infections caused by MmmLC and those caused by Ma (Table I ). The former is more often responsible for acute and hyperacute forms in adults and young animals, and exhibits greater symptom variability. This variability is linked to the greater range of target organs, the proteiform nature of the observed syndromes and the differing evolutionary courses possible (ranging from fatal septicaemia to asymptomatic infection).
Typical forms
In adults
The initial clinical picture in adults may either be characterised by a biphasic development identical to that Conjunctivitis and keratoconjunctivitis are less common. Abortion, peritonitis and localised abscesses are relatively rare.
These conditions are more likely to lead to serious sequelae than in Ma infection.
There are fewer clinical accounts of natural infection with
Mcc. However, it is clear that the two main characteristics highlighted for MmmLC infection apply equally well to Mcc:
highly deleterious syndromes with variable symptoms (19, 23, 71, 72) .
Typical forms
Typical forms of Mcc in adults and young animals are discussed below (20, 32, 47, 51, 52, 71, 72) .
In adults
Severe general signs may accompany bacteraemia in adults, particularly in lactating goats. Abortion may occur in connection with these various syndromes.
In young animals
The disease is usually very severe in young animals, particularly in kids, and is similar to that of MmmLC. A febrile syndrome is common, leading to death within a few hours or days. Local symptoms, when expressed, involve the joints, eyes (i.e., keratoconjunctivitis), lungs and even the central nervous system. 
'Atypical' form
Vulvovaginitis and balanoposthitis, without other symptoms, have been described in sheep (36) .
Mycoplasma putrefaciens
This species principally affects goats, although infection and clinical disease have been described in sheep (70) .
A dozen or so clinical accounts of outbreaks have been published (21, 23, 42, 70) . Mp was initially regarded as an agent of caprine contagious mastitis. The local symptoms sometimes involved only half the udder, or were very discrete in comparison with hypogalactia or agalactia.
In 1987, a very severe outbreak among goats in the United States of America (USA) confirmed suspicions of the invasiveness of Mp and its ability to cause septicaemia under certain conditions. Mastitis, agalactia, acute arthritis (adult goats and kids) and abortion were observed. Morbidity attained 90% and 700 animals died. There was no evidence of fever.
Many cases now provide evidence of the tropism of Mp for the joints in kids and adult goats, although localisation in the udder remains dominant. 
Other mastitis-causing Mollicutes
Other members of the class Mollicutes may cause agalactia and mastitis in small ruminants under natural conditions (73) . Secondly, clinical differences which are often considerable have been noted within these four infectious agents. Many factors may be responsible for this, including possible differences in pathogenicity or tropism between different strains, the natural or vaccinal immune status of the host (particularly in enzootic areas) and external environmental effects.
One of these is
Finally, and above all, behind the apparent global unity of the contagious agalactia syndrome, certain differences do exist between Ma, on the one hand, and MmmLC and Mcc on the other, within the 'mycoides cluster'. The percentages of acute and hyperacute forms and morbidity rates are greater in the latter two organisms; their respiratory tropism is also, on average, more pronounced, in contrast to their ocular tropism.
Descriptive epidemiology
Geographical distribution of contagious agalactia syndrome
It is apparent from the Food and Agriculture Organisation (FAO) Animal Health Yearbook (25) and from other scientific publications that the distribution of contagious agalactia is still extensive, for the disease occurs on every continent, and outbreaks or isolations have been reported from at least 55 countries (2, 9, 19, 23, 24, 25, 30, 31, 33, 34, 35, 46, 68, 71, 79) .
The region of the world in which the disease has occurred over the longest period, and in which it is most widely distributed and has been best described, is the Mediterranean Basin (in the broad sense). Contagious agalactia probably spread considerably at the end of the 19th and at the beginning of the 20th centuries. The term 'contagious agalactia of sheep and goats', attributed to Brusasco, dates from that period (1871). In addition to the 14 countries bordering the Mediterranean (Table II) , the disease has also affected, or still affects, the following European countries:
Portugal, Switzerland, Austria, Romania, Bulgaria, the 
Geographical distribution of the different specific infections Evolution of the epidemiological situation
The epidemiology of contagious agalactia changed progressively from the 1970s onwards, with regard to the increased geographical spread and/or frequency of infections due to MmmLC and Mcc (Table II) . In fact, in most countries of the northern and eastern Mediterranean, the identification of these mycoplasmas is apparently more recent than that of Ma. Although possible reasons for this change may be distorted (due to the perfecting and wider application of microbiological techniques), two associated explanations may be proposed. 
Current situation
The consequence of these changes is a preponderance of Ma 45, 72) . MmmLC is almost systematically one of the mycoplasmas involved, and Ma is most often another.
In conclusion, the epidemiology of the various specific infections may be distinguished from their historical evolution and geographical distribution. Thus, Ma, which is widespread throughout the world, and usually present in enzootic form, is the dominant causal agent in sheep. MmmLC is without doubt responsible for the heaviest economic losses in goats (particularly dairy goats) on all five continents, and occurs in enzootic/epizootic or sporadic forms. The epidemiology of Mcc and Mp infections remains to be determined. 
Evolution in an infected area
Evolution within an infected flock or herd Incidence
The disease may appear suddenly as an 'explosive' clinical outbreak, or successively affect a limited number of animals. 
Prevalence
The evolution of prevalence in a flock or herd is governed by two major non-infectious factors: the physiological status of the females and the movement of animals linked to transhumance. It is thus possible to identify three physiological and seasonal periods of maximum clinical prevalence in dairy breeding systems where the reproductive cycles of ewes and goats are synchronised, based on the date of transfer to summer pastures.
First, the highest peak occurs after parturition (in the dams and young). This specific period of clinical expression is typical of Ma infection (57, 61, 79) , and almost always occurs with MmmLC and Mcc (19, 57) . It often coincides with the expression of an infection contracted during transhumance or after the introduction of an asymptomatic carrier into the herd during the previous lactation.
Secondly, the period after the onset of milking (particularly machine milking) can give rise to a second peak, as transmission occurs through the milk during milking (37, 39) . Secondly, the change in the general epidemiology of contagious agalactia has probably been revealed by the intensification of sheep and, more especially, goat production. High-yielding dairy goats kept under intensive conditions, fed in zero-grazing systems and machine-milked, are more prone to develop severe clinical forms of infection than goats in 'mixed' herds (suckling then milk-producing), kept under the traditional extensive conditions. Since this intensification of production, the involvement of MmmLC and Mcc has been more clearly identified, and has more frequently given rise to hyperacute and acute forms than Ma infection (19, 57 
Current situation
The consequence of these changes is a preponderance of Ma in most of the Mediterranean countries (except the Maghreb) and in western Asia, where this mycoplasma is responsible for enzootic diseases of variable extension (Table II) Ma is most often another.
Evolution in an infected area
Evolution within an infected flock or herd Incidence
Prevalence
Secondly, the period after the onset of milking (particularly machine milking) can give rise to a second peak, as transmission occurs through the milk during milking (37, 39) .
Finally, the third peak may occur during transhumance, due to the inevitable multiple contacts on the communal mountain pastures and possibly to the stress associated with the transfer to summer grazing (34, 79) . A study conducted in Israel also illustrated the possibility of detecting MmmLC in bulk tank milk over two years. This study included samples from apparently healthy flocks (60). 
Molecular epidemiology
Mycoplasma agalactiae infection
Genomic and protein variability
Genomic variability was examined by comparing total deoxyribonucleic acid (DNA) restriction profiles, and protein variability evaluated using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The existence of a major restriction profile and protein profile which included about 80% of isolates was demonstrated. Approximately ten other genomic and protein profiles were also identified. It is not yet possible to distinguish clearly a link between these molecular characteristics and the geographical origin of the isolates. For example, certain specific profiles occur in France and Spain (where most of the isolates belong to the major type) and also in African isolates.
Antigenic variability
The antigenic variability of Ma was examined by comparing immunoblotting patterns which had been obtained with a number of field or experimental polyclonal sera (11, 14, 69) . Distinct differences were apparent in France, for example, between ovine isolates from the Atlantic Pyrénées and caprine isolates from Savoy; no exchange of animals having occurred between these regions.
The existence of variable antigens was later demonstrated by using Ma-specific monoclonal antibodies (MAbs) (11, 12, 13 
Analytical epidemiology
Sources of mycoplasmas
Animal sources have a much more important epidemiological role than the environment.
Sick animals
Shedding of mycoplasmas usually precedes the appearance of symptoms. Experimental evaluation of the duration of pre-clinical shedding showed that this duration varied from approximately one to ten days, depending on the dose and route of inoculation and on the mycoplasma (68). When Ma was injected subcutaneously, shedding in milk lasted from between four to seven days (79). An experimental model of chronic Ma infection was studied for five years in the same lactating ewes (11) . During the first lactation, 10 ewes which had been inoculated subcutaneously shed mycoplasmas in milk for an average of 82 days, in some cases until drying-off (pathological or induced). A total of 20 ewes were naturally infected by direct contact with the first ewes, or by machine milking. During the second lactation, 5 of the 30 again shed Ma in the colostrum, without exhibiting any symptoms. This lasted from one week to at least two months, after which the animals were experimentally reinfected. Thus, the shedding of Ma in the milk of these five ewes lasted between at least six and twelve months before their reinoculation. After this, shedding (always asymptomatic) was prolonged in only two ewes, for two and six weeks before drying-off. No isolate could be obtained during the third to fifth lactations. In this model, symptoms had thus disappeared by the second lambing and shedding in the milk by the third.
Clinically cured animals
Adult lactating females
Adult vaccinated females
In adult females, vaccinated with an attenuated strain of Ma, carriage in the lymph nodes or in the joints lasted for three to nine months after inoculation (29) .
From a general point of view, the major epidemiological importance of lactating animals (either vaccinated or not), which become asymptomatic shedders, must be stressed. Some of these animals merely harbour mycoplasmas (in the lymph nodes) without shedding them, at least temporarily. Taking into account the major role of milk as a vector in flocks, whether by milking or suckling, this peculiarity of mycoplasmas is an essential factor in the maintenance and spread of infection within a flock. Exacerbated by certain traditional practices, such as poorly supervised commercial transactions, movement of animals and collective milking on More information is required on the epidemiological importance of such categories of animals as sources of mycoplasmas (the loan and sale of males is common). The occurrence or expression of infection in lambs also depends on the acquisition of passive immunity through ingestion of colostrum. In this regard, the time during pregnancy or lactation at which suckling females become infected is therefore crucial. canal is a particularly rich reservoir, it has been suggested that one of the best sites for taking samples would be the external auditory meatus (22) .
Healthy carriers
Ewes
Carriage in the external ear canal is probably less frequent in ewes. It has only been reported twice, in Spain, and only once in relation to the species involved in contagious agalactia (Ma and MmmLC). In France, two series of investigations to detect such carriers gave negative results.
Animals other than domestic sheep and goats, such as bovines, camelidae and small wild ruminants, may act as reservoirs (58) .
Environment
Mycoplasmas are considered delicate. Lacking a cell wall, they are examples of the minimum cell' which needs to behave like a parasite in order to multiply. They are sensitive to heat (50°C to 55°C), ultraviolet light, putrefaction, antiseptics and common detergents.
Under experimental conditions, mycoplasmas can survive for one to two weeks at room temperature, for one to several months in cold conditions (4°C to 8°C), and from six months to several years at -20°C. Resistance diminishes at temperatures above 30°C. MmmLC survived for more than 70 days in goat milk kept at 5°C. Similarly, M. bovis survived in normal milk for two months at 4°C and two weeks at 20°C. Survival was considerably reduced in mastitic milk (less than ten days at 20°C). Ma was shown to survive for four months at 8°C (77).
In conditions similar to those in the field, M. bovis survived for longer in the shade than in sunlight, and for longer at 20°C than at higher temperatures. When placed on various inorganic substrates (such as metal, glass or synthetic sponge), this mycoplasma survived for 1 to 18 days. M. bovis survived storage for 18 days in drinking water and 236 days on unsterilised dung. Experiments conducted in France to determine the survival of Ma on organic substrates (bracken, straw, dung, soil, tissues, wood, ewe's milk and water; sterilised and unsterilised) at room temperature gave survival times of up to seven days after seeding on wood or in water (sterilised or unsterilised), and in sterilised soil or milk. No mycoplasma could be recovered from any substrate after 15 days (P. Lebret and F. Pédaillé, unpublished findings).
Hence, the environment can serve as a transient reservoir of mycoplasmas.
Modes of infection
Routes of penetration
Oral route
From the nature of observed outbreaks, it can be seen that the oropharyngeal route is the most important route for penetration by mycoplasmas. This is especially the case when 
Respiratory route
Under natural conditions, the actual importance of this route is 
Mammary route
From the epidemiological aspect, this can be considered as the main route of infection in milked females. 
Ocular route
In injected flocks, ocular penetration may occur during close contact, on the emission of infectious aerosols, or by instillation of contaminated dust or fodder particles.
Experimentally, clinical disease has been reproduced on rare occasions with Ma, with MmmLC in goats and with Mcc, which produced a generalised, fatal infection in a lamb. Recently, several experiments have been conducted in France in an attempt to develop a model of the early stages of Ma infection, using the conjunctival route (64) . The resulting almost symptomless infection was accompanied by colonisation of lymph nodes draining the inoculation site on the 7th and 14th day post inoculation (p.i.) (depending on the titre of the inoculum). Extensive spread to other lymph nodes and to the spleen revealed the existence of bacteraemia. All the cephalic lymph nodes were still infected after 60 days p.i., suggesting the long persistence of Ma. This simple and reproducible model can be used for comparing strain pathogenicity and assessing the protection conferred by immunisation.
Genital route
In the field, the actual epidemiological importance of this route is probably confined to 'atypical' genital forms (34, 53, 68 
Other routes
Under natural conditions, certain minor routes of penetration, such as subcutaneous or intradermal inoculation (during shearing or through wounds), may be effective (79) .
Experimentally, the subcutaneous route is often used (7, 11, 33, 79) . Intradermal, intramuscular, intravenous, intraperitoneal, intra-articular and intracerebral routes have also been tested (33, 71).
Modes of transmission Vertical transmission
-Transmission during pregnancy from dam to foetus has been seriously suspected, since the isolation of MmmLC from the internal organs of aborted calves, and of Ma, MmmLC and
Mcc from swollen joints of neonate kids and lambs bom at full term (48, 72) . Such transmission has been demonstrated for M. bovis in cows. The abortions observed in certain outbreaks confirm that the placenta may be affected after bacteraemia.
However, young animals separated from their infected dams at birth do not necessarily develop infection (19).
-Transmission at parturition cannot be ruled out, in view of the risk of vaginal infection.
-Transmission
by suckling is probably the essential mechanism because milk constitutes an early, major and persistent route of shedding of Ma (23) 
Horizontal transmission
Direct horizontal transmission
Direct horizontal transmission from animals in the clinical stage of infection does occur. Although environmental sources cannot be excluded, this type of transmission has been strongly incriminated in controlled experiments by the infection of 'in-contact' animals (11, 33) . Its effectiveness, however, depends firstly on the main source of shedding. When mammary shedding is the prime source, either from the onset of or during chronic infection, there is limited direct transmission between adults. This is not so during respiratory shedding, for instance, when coughing animals emit infective aerosols. Secondly, the population density of the breeding units is a factor, albeit non-specific, in this type of transmission because overcrowding promotes contagion by direct contact.
Indirect horizontal transmission
Indirect horizontal transmission may occur in at least four ways, of unequal importance.
-The possible intervention of vectors, principally parasites, has been suggested but their actual role has yet to be determined. The principal vectors are mites which inhabit the ears and are known to carry mycoplasmas and to move from one animal to another (22) . Ticks may also be infected with Mm sp. Finally, fleas may act as vectors of MmmLC (50) . Most of these cases concern goats.
-Transmission from the environment may occur in certain circumstances but its true importance is not well known.
Observations and a few experiments have in fact provided contradictory results for Ma (79 -The role of manual and, more especially, machine milking is much clearer. It is due to the importance of milk-bome shedding, the role of machine milking in weakening the primary defences of the teat (at the sphincter), and the tropism of contagious agalactia mycoplasmas for the udder.
The significant role of milking in the transmission of contagious agalactia has frequently been emphasised (21, 23, 37, 61, 79 ).
-The intervention, probably incidental, of transmission during shearing, or via shoes or wheels, has been mentioned.
Susceptibility factors Animal factors
Host species America, but goats in Nigeria and some breeds in Oman seem to be more resistant to articular involvement (23, 34, 38) . In this type of example, however, the variability associated with strain pathogenicity and the immunitary and environmental factors should be taken into account.
Age
The greater susceptibility of young animals, particularly kids, to MmmLC and Mcc has frequently been reported. In natural outbreaks, hyperacute clinical disease with a fatal outcome is common in this age group (57, 58, 72) . In regard to experimental inoculation, inoculation by various routes in young animals is more likely to result in bacteraemia and very severe disease than in adults. In the case of Ma, the effect of age is probably less pronounced, particularly in lambs (species-related bias), in which the difficulty in reproducing clinical contagious agalactia by various routes may be due to endocrine peculiarities (33, 64) .
Sex and physiological status
Adult males and non-lactating, non-pregnant females are 
Immune status
A certain resistance to reinfection exists in contagious agalactia. The immunity which develops after primary infection may attenuate the subsequent clinical severity, even if reinfection cannot be avoided. The immune mechanisms and effectors are largely unknown (63) .
Note that intercurrent infections may be responsible for greater susceptibility (72, 79) .
Environmental factors
Husbandry factors
The importance of the type of husbandry in the epidemiology of contagious agalactia has been emphasised; certain types of flock or herd management possibly affect animal susceptibility. Apart from machine milking (21, 37) , housing (construction, microclimate, hygiene) and high population density may also enhance the susceptibility of animals in cases of respiratory involvement, especially under the conditions of certain intensive systems. Certain nutritional factors may also have an important role (21) .
Climatic factors
Various situations of environmental stress may promote the development of infection, such as sudden changes in climate and/or premature shearing, which are believed to aggravate certain clinical manifestations (51) . Goats seem to be more sensitive to such factors (21) , which are probably more important in the case of Mp infection.
Synthetic epidemiology
Descriptive and analytical data first demonstrated the differences between sheep and goats. The increased trade in breeder goats, on an international scale, may promote the spread of contagious agalactia. Transmission, particularly in goats, may then occur from the ears or even parasite vectors.
Finally, this species is generally more sensitive to infection and to environmental factors than sheep. The greater variability in aetiology, symptoms and even epidemiology of contagious agalactia in goats should therefore be emphasised.
The epidemiological cycle of contagious agalactia can be determined from the information mentioned above (Fig. 1) . 
Within a given infected herd or
Aetiological diagnosis
Isolation
The culture media and isolation techniques for mycoplasmas have been extensively described elsewhere (39) . Briefly, the species involved in contagious agalactia can readily be grown on the culture media used to isolate mycoplasmas of ruminant origin, such as 'DE medium arid its variants. The maintenance of constant quality from one batch of a culture medium to another is at least as important as its composition. The addition of thallium acetate (1 ml of 10% solution per litre) and ampicillin (2 g per litre) will considerably reduce contamination with other bacteria, although samples should still be collected under strictly aseptic conditions.
For isolation in broth medium, four or five decimal dilutions should be prepared to significantly reduce contaminants and inhibitors, particularly in the case of milk samples. Solid media should be freshly prepared and sown directly with the sample or, better still, after the broth stage. Cultures should be incubated at 37°C in a moist atmosphere (for agar). Anaerobic conditions are best for an initial isolation (19). Growth will appear after one to two days for MmmLC and Mcc and after two to five days for Ma, as more or less intense turbidity in broth and typical colonies on agar (19).
Conventional identification
Purification by cloning before identification is not recommended, except for biochemical testing and the growth inhibition test. In fact, cloning and subculture take time and preclude the detection of mixtures of mycoplasmas. In addition, following the demonstration of highly variable antigens in certain mycoplasmas, such as Ma (11, 12, 14) , this could result in the selection of antigenic phenotypes far removed from the original isolate. This risk, however, must be evaluated for each species.
Biochemical identification
Biochemical tests which are time-consuming and difficult to interpret have lost much of their value. Routine identification now relies on serology (39) . It is easy to identify Ma and Mp serologically, except for weak cross-reactions between Ma and M. bovis, which are closely related phylogenetically (34) . It may prove difficult to identify MmmLC and Mcc, which both belong to the 'mycoides cluster'. This 'cluster' is composed of ruminant mycoplasmas which share numerous genetic, protein and antigenic properties, although the diseases they cause are very different epidemiologically and pathologically. Their precise identification may require a distinction of biotype, which is hindered by the existence of close antigenic relationships, and complicated by the considerable intraspecific heterogeneity of MmmLC, Mcc and Mmc. There are numerous cross-reactions. It may prove difficult to distinguish between MmmLC and Mmc because of their close genetic, protein and antigenic similarities and the existence of numerous intermediate strains (19) . Mcc is also heterogeneous (23, 24) and the type strain is poorly representative of the field isolates usually These difficulties in identifying members of the 'mycoides cluster' will be overcome in the near future by using MAbs for certain mycoplasmas or gene amplification techniques for the cluster as a whole. MAbs have already been produced and characterised for Ma (11, 12, 14) .
Serological identification
Genomic detection
Nucleic acid probes
These probes were developed for detecting contagious agalactia mycoplasmas from 1990 onwards. Such probes were complementary to segments of chromosomal DNA or 16S
ribosomal RNA (rRNA) (34, 74) . Although their specificity was high, and they represented a considerable advance in diagnosis, research was soon under way to develop PCR, which seemed more sensitive. PCRs based on 16S rRNA fragments have also been proposed (13, 18, 34) . These systems detect variable sequences in the evolution of mycoplasmas, some being specific to clusters or to species, while other sequences have been strictly preserved. Primers have thus been proposed for detecting Ma. Cross-reactions occur only with M. bovis or strains closely related to M. bovis (13, 18, 34) . Comparison of the 16S rRNA sequences of these two species has revealed only eight different nucleotides. The sensitivity of these systems may be very high. The detection limit for Ma in cultures has been brought to 2 x 10 2 CFU/ml (18) .
Polymerase chain reaction
Regarding detection of mycoplasmas in clinical specimens, several groups are currently working on procedures which would be as sensitive as PCR performed from cultures. The main problem is the complex composition of milk, which is the best sampling material for detecting contagious agalactia mycoplasmas, particularly in chronic infections. Various substances present in milk, particularly proteins, can inhibit or limit amplification reactions.
PCR offers great promise as a tool for detecting contagious agalactia mycoplasmas. In addition to its high sensitivity, future improvements should permit more rapid diagnosis than with conventional techniques. The detection of mycoplasmas in animals treated with antibiotics may also become easier. However, these advantages must not obscure the risk of false positive results due to possible contaminants. Thus, PCR cannot at present be considered suitable for routine diagnosis in,field laboratories requiring high output and reliability.
Serological diagnosis
Various techniques have been tested in the past (immunofluorescence, slide agglutination, tube agglutination, growth inhibition, immunodiffusion, etc.) (39, 43, 77) . Two have successively undergone important development, namely the complement fixation (CF) test and ELISA.
Complement fixation test
The main research on CF commenced in the 1970s for Ma and in the 1980s for MmmLC and Mcc.
The techniques for preparing antigens were based on lysis by sonication or by repeated freezing and thawing of whole cells, sodium lauryl sulfate lysis followed by dialysis of cells with phosphate buffer, or boiling and use of the culture supernatant. CF is generally considered difficult to perform and difficult from which to obtain suitable reliability (43, 79) .
Detailed evaluation of the CF test is the subject of few published reports. In fact, there was no reference technique for comparison with the CF test, because this was the first test to be widely adopted. Attention was very soon brought to the problem of specificity, however. Many false positive or cross-reactions have been noted, due to the complete antigen used in the test which includes cytoplasmic antigens of poor specificity. False positive reactions involve mainly Ma, whereas cross-reactions involve MmmLC and Mcc (9, 43).
Some workers tried to solve these problems by choosing a relatively high positive threshold, which thus gave rise to erroneous negative results and the non-detection of certain healthy carriers. Under these conditions, the CF test has often been considered as having poor sensitivity (43, 79) .
The kinetics of the antibodies detected by this test are available from some publications. Serum antibodies are detectable from the first appearance of symptoms, 3 to .15 days after inoculation of adult animals with Ma and from the fourth week in lambs. Such antibodies persist for several months or even for more than a year. Similar results have been reported from outbreaks caused by Ma or Mcc (79) .
Finally, the CF test has been proposed as a diagnostic aid to be used in addition to epidemiological and clinical data, at the herd or flock level, but not for individual animals (43, 79 and others). From the technical aspect, these 'first generation' ELISAs do not include a competition step. The authors are not aware of any publication describing improvement of the technique by the use of MAbs. Antigen is prepared by sonication in carbonate buffer, or by the action of non-ionic detergents, formaldehyde or polysorbates (Tween 20) (45, 47, 67) . The crude data are expressed as optical densities. In order to limit the variability inherent in the conditions of equilibration and performance of each reaction, it was proposed that the results be expressed in units by reference to control sera of known litres for each test plate. This improves the reproducibility of the test (39, 40) .
Enzyme-linked immunosorbent assay
Evaluation of these techniques, in comparison with the CF test, has shown that ELISA is more sensitive (9, 40, 47)-Such evaluation has also frequently revealed certain problems of specificity. These have arisen from comparison of the CF test and ELISA, titrations of sera in multiple antigen plates (with and without heterologous mycoplasmal antigens) (9, 45) , and field observations. In the last case, false positive results may frequently be obtained from flocks and regions free of specific infection (45) . In regard to contagious agalactia, this problem of specificity seems more obvious in the case of Ma but may also hinder the serological testing of other major mycoplasmoses in ruminants. Associated infections may occur in the case of contagious agalactia in goats, particularly with MmmLC and Ma. However, in most cases, such false positive results may be due to cross-reactions in the absence of mixed infection. It has been shown by immunoblotting that rabbit sera raised against MmmLC recognise certain protein bands present in homologous and heterologous mycoplasmas, including Ma PG2 (44) . Certain ovine sera also react with bacterial or parasitic antigens, independently of any case history. This type of non-specific positive result is regarded as 'background' reaction.
An initial solution to this problem was to treat each serum with several antigens to produce corrected titres. As the results of ELISA can be expressed quantitatively, several authors proposed subtracting a heterologous titre from the specific titre (45) .
A thorough analysis of the different stages in the immuno-enzyme reaction which may lead to false positive results has recently been conducted. Only the use of a monoclonal conjugate (or recombinant protein G) was able to eliminate false positive results without affecting the true positive results provided by polyclonal conjugate (41) .
The kinetics of serum antibodies detectable by ELISA have been studied in kids vaccinated against MmmLC, and in adults inoculated with Ma. In the latter case, an initial study showed that immunoglobulin G (IgG) could be detected for at least 13 months after inoculation, while immunoglobulin M appeared earlier but disappeared sooner (47) . In another experiment, subcutaneous inoculation of Ma into ten ewes was followed by seroconversion after six to nine days. This ELISA techniques are used mainly for flock diagnosis (39, 67, 77) . On the individual scale, they can be considered only as a screening tool (and not a diagnostic tool), leading to a rough classification of animals into three classes, as follows:
-infected -doubtful -presumed healthy.
Thresholds have been proposed (40) . These techniques have provided valuable information at flock level. In the case of Ma, the French control system is based on annual estimation of a flock serological index, calculated from a sample of individual sera. The number of animals to be sampled is calculated from the flock size and estimated prevalence; it is important to take into account the stage of lactation and parity at the time of sampling. Calculation of the index used for flock classification may be based on various ways of combining the individual results, depending on the prevalence and control objectives (40, 41) .
This application of an improved ELISA test (elimination of false positives) to sufficiently representative samples of animals may provide a valid basis for a regional control programme, taking advantage of its simplicity and high efficiency.
Finally, it must be emphasised that, as regards serology, ELISA constitutes a technique of the future for contagious agalactia and an indispensable tool for studies of seroprevalence and for control programmes. The actual epidemiological situation in most of the countries affected by the different specific infections remains little known. The wider use of these serological tests and their technical improvement should therefore be encouraged (53) .
Treatment
Antibiotics and suitable therapeutic protocols
The (Table III) (3, 6, 16, 28, 32, 55) . The therapeutic protocols given in Table III Value of antibiotic therapy in the control of contagious agalactia Therapeutic efficacy
The efficacy obtained under field conditions limits its interest. In practice, the sole objective of antibiotic therapy is to reduce mortality, to improve the state of sick animals and perhaps to obtain their clinical recovery with resumption of milk yield. Many authors feel that a bacteriological cure is an illusory objective (e.g., 19, 21, 56). This conclusion is based mainly on clinical observation and, less frequently, on controlled therapeutic trials (systemic administration). There are various reasons for these therapeutic failures. The sensitivity of contagious agalactia mycoplasmas to antibiotics is not known with accuracy. Very high MICs have been reported for certain strains (10, 48, 56, 70) , in comparison to those obtained for the better-known M. bovis; acquired resistance to antibiotics is suspected in the case of this latter mycoplasma. The antibiotic pressure applied to small ruminants is, however, much lower. In general terms, estimates and comparisons of MIC should be treated with caution, first because no standard techniques are available for the determination of MIC for mycoplasmas, and secondly because resistance varies from one mycoplasma to another.
Treatment failures may also be due to underdosage (55) , or to poor diffusion of the molecule within the inflamed udder, because of its physicochemical properties or because of histological changes associated with the infection (80) . Some antibiotics (e.g., tetracyclines) exhibit only bacteriostatic activity, permitting resumption of multiplication after treatment has stopped. Too short a period of treatment, or the late application of treatment, favours the emergence of chronic carriers, thus providing a permanent source of mycoplasmas (56) .
Practicability and innocuity
The antibiotic must be easy to administer, in view of the large numbers of animals which may have to be treated. 
Antibiotic therapy cost
The costs of treatment of a flock must be limited. The average cost per animal is high in comparison with its culling value and there is no guarantee either of functional recovery or of sterilisation of the animal. However, treatment of the entire flock, and not merely the sick animals, is generally recommended (19, 27, 39, 57). The cost-benefit ratio of such a practice must be considered.
Prophylaxis
Vaccination
The currently used strategies for vaccination against contagious agalactia rely on conventional live attenuated vaccines or inactivated vaccines. The authors are not aware of any immunogenic preparation based on antigens or subunit proteins. Although most research has been devoted to the development of vaccines against Ma, some work has also been conducted on MmmLC. Several reviews of traditional vaccines against contagious agalactia, particularly against Ma, have been written (33, 40) . The authors will consider principally the more recent publications.
Inactivated vaccines
Mycoplasma agalactiae
Numerous Most vaccination protocols involve several booster doses. The boosting of immunity is recommended at each lactation or even every four months in goats. One source recommends that goats be given three doses of vaccine before each parturition and one dose afterwards (44) . These vaccines are used in enzootic regions, particularly in herds or flocks where contagious agalactia is chronic. They may also be used for healthy flocks or herds in these regions, as part of a systematic vaccination programme (19, 20, 27, 44, 78, 79) . 
Disease control
Disease control measures provide the only means of gradually achieving disease-free status, even eradication, and should be applied whenever possible. The literature contains few references to appropriate measures, very little information on regional control schemes and no cost-benefit evaluation of such programmes.
All control procedures are based on two fundamental criteria: the detection of infected animals and herd classification on the one hand, and the reduction of prevalence by culling, isolation and protection on the other. The microbiological and serological tools available in regard to the first point have already been described (see 'Diagnosis'). Asymptomatic carriers, in particular, should be identified by the detection of mycoplasmas (in target organs and ears) and by serology, especially when the number of animals permits (purchases and sales).
Control of contagious agalactia in an infected flock
When an outbreak occurs, it is recommended, whenever possible, that the entire flock be slaughtered. Owing to the importance of chronic carriers and shedders, there is little likelihood of eradicating the disease by merely eliminating the clinically affected animals. The flock will, in addition, remain contagious during its own replacement and for neighbouring flocks, so that movement will have to be limited. Individual detection by exhaustive testing of entire flocks is, in general, financially impracticable, particularly by bacteriological examination, and remains uncertain. Total herd slaughter is generally accepted in disease-free areas but is difficult to apply in enzootic regions. The genetic value of certain animals may also discourage this course (19). The following measures should be adopted in such cases.
Reduction of mycoplasma sources
The reduction of sources within a flock is aimed mainly at animal reservoirs but also at environmental sources.
In regard to animal sources, numerous authors have described the application of partial slaughter. This is often followed by culling animals, at the end of lactation or at the onset of the next lactation, which have failed to regain their former productivity. In enzootic areas, repeated and careful clinical examination, particularly of the udders in the milking parlour, may limit the number of chronic shedders by indicating which animals to cull. A long-term trial of partial slaughter, based on exhaustive ELISA serological tests, was conducted in the French Atlantic Pyrénées. It did not lead to recommendation of this technique because the fall in serum antibody titres was not objectively correlated to infectious and contagious status.
Environmental sources should be reduced by disinfecting material, equipment and housing. Disinfection followed by a period without animals is essential after total slaughter, and should also be applied to specific accommodation in other cases (lambing, within-herd isolation) (19, 20, 52,57).
Limitation of disease transmission
Limitation of transmission within a flock will be based on its various modes, i.e., between adults or from dam to offspring.
It is essential to reduce transmission between adults during milking, for this can continue long after the initial clinical outbreak. Conventional measures, such as ensuring the correct functioning of the milking machine, avoiding practices which lead to irregular vacuum fluctuations ('impact') and improving milking hygiene, should be respected.
Teat-dipping is recommended. Animals should be milked in a fixed order, with those presumed to be healthy being milked first (20, 21, 37) . Such within-flock grouping should of course be continuous. Suspect animals should be isolated, while awaiting culling, in a separate building. The early drying-off of such animals is strongly recommended.
Preventing transmission from the dam to newborn offspring has been proposed by several authors, through separation at birth, and feeding the neonate with heat-treated colostrum (56°C for 20 minutes) or bovine colostrum, and subsequently with pasteurised milk. Oral antibiotic therapy is also feasible. These relatively laborious and expensive measures are mainly suited to well-organised dairy goat farms (19).
Control of contagious agalactia in an infected region
Principle
The objective in regions where the disease is enzootic may initially be the progressive restriction of infection to certain areas, with a later attempt at eradication. Such progress can only be achieved by means of a collective and concerted disease control programme which is long-lasting and well-financed. This type of action must be based on two prior conditions which permit the constant monitoring of prevalence, as follows:
-the compulsory notification of clinical cases -a thorough annual assessment of flock status, usually by serology.
The spread of infection is progressively limited by implementing a dual control: the management of individual and flock or herd movement. 
Mots-clés
Agalactie contagieuse -Diagnostic -Épidémiologie -Étiologie -Maladies des caprinsMaladies des ovins -Mycoplasma agalactiae -Mycoplasma capricolum subsp. capricolum -Mycoplasma mycoides subsp. mycoides larges colonies -Mycoplasma putrefaciens -Mycoplasmoses -Prophylaxie -Revue. por su parte, puede inducir un cuadro clínico similar al de la agalaxia contagiosa, en especial en la cabra. La agalaxia contagiosa se da en los cinco continentes, es con frecuencia endémica y afecta de modo crónico tanto a individuos como a rebaños. La secreción asintomática de micoplasmas, sobre todo en la leche, puede persistir durante mucho tiempo. El diagnóstico y control de estas infecciones malignas, cuyos focos se instalan y difunden a menudo desde el oído de individuos sanos, resultan extremadamente arduos. La venta de ejemplares portadores y el contacto entre animales durante la transhumancia constituyen los principales modos de transmisión entre rebaños. En cuanto al contagio en el seno de un mismo rebaño, éste se produce por contacto, o bien a través de la lactancia o el ordeño. Los autores pasan revista a los rasgos clínicos, epidemiología, tratamiento, prevención y control de esta enfermedad.
